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l.akt cJIl\\'c cictcctccl sllc)ltc.(i  ;llillJlificI stlirollf,il ~,[titl lIlcitsllt c.lllcl]tst  lsillf.t l)cl,l~otc~tl
tImIsfcI [c.clltli[ltlc., all(ic.Ilti[)lcd ~lstc!tllcitstlt  c.tllcil ~]crfc}lll];ttlccfol ~lllifc)l  lllityc)f lc.s~)[)tlsc.. All
c(>ltltllt)s oftllc. C;C’l)v/elc.c l(~ckc(i asit lIlllxilll\lll lfIar Ilc. ltitc(l .5 Kllz), {iltltc~ll~li ttmsam~)litl~
C.l(KtlOlliCSa( tiliStillK \\’CICtlotC  ;lJ)[l\)]C Of t~li S S:l.lll])]itlf, Iiltc., 01 Cil.J)ii[)]C  Of ICa(iillg II”1OIC tllall
ot~colltjjlltfit  a tililc.. l’}lot[jll tlfitj Sfc.r isa tool \tSf.’(i t[)C]lal tiCIC.I  i7C. tilCSif,ll[ll and  IIc)isc])lc)])cltie.s
of a (X’1) [9]. It cat  I a l s o  llIcasurc. llIc. li[icalityof tlIc. Cl:l),its Imisc.  ilool, :tll(\(]tlilllti  Z~tiC)Il  gain

(ill si~nal  tttlits pu gc.IIe.Iawci clc.ctlol~). ‘1’IIC ~JIIotoII  tt al]sfcl ctIIvc f-ol aII UIICOOIN1  Al)  Al”I’  is
slIowtI ill])iilt a of l;ig,utr. “/. \$’C. Cilll illfc.]  a qualltin[iotl  f)air] c) fo.68/lV/C.lCCtlC  )ll,  flol]lwliich
tlw. lmiscfkm isll)c:islltc(itc)l)c  19.4 clc.ctT c)tls  IIlls. 'l'l]c. ~Ic)ll])  c) fclll\Jcs \\'ittl tllclc)\;'e.l  S1O]W
]~.]llusc.l}tst  }losc.:i tl]J)lificls\\  ’l]icll  arc SIIOI(CCi  toCilCtl OtllCl  tllLIS(lCClc’.i\Sil  lg{llC.it lloisc.bytlw
S(jll:il(’.  JOOt  Of t]lclltlll]bcl  c)fcc)lltip,(lc~tls]y  SIIOIiui al I\Jj]ifiCIS.

AII X-Iay liistc)!,la{il  is altcll~atr. Itmtil(xi of (k.tc~lllinillp,  qua}ltizatioll ~.ai[l, tlm IIoisc.  11OOI
J)ltlSillfC}l lilitti()ll () ftllccll~lf~Ct l[lIISfc.lC  fficic.llcy 19], !10), jll],’J’llcC’ITIJ jscxl]osc(ltc  ~fillX-ldy
s{]lllcc.w}lic}l i]] OLII ci~s~. iscollllllc.lc jflll)~availfil)lc llolI 55  (1k55), It cl[li[SX-lity]lllotC)llS~t fixd

cl](’l~,j’l cvc.is, \\ ’}ticl]fc Jl tllcK(,clllissjollis 162(l[lCCll( lIIS\\'itllZ 1111111 S{lIICCll iiillt~(lf- l/- 12.”/
Clcc(lolls, tllc. Ui)ccllaillty (iuc to tllc filll(}  Imiw. lil]lit ill tllc. ~,cllcidtioll  clcCtlo IIS ill tllc CXl) [ 1 ? ] .
‘I’l]ccc)r lc.sJ)oll(lill~  c.Illissi[)tlf o]” tllc.Kplillcis l’/’/ lcc[IOIIsIls- l/- lT{.3clcctlc )lls.X-l[ tjJ~]llot(lfls
wl~jcl] f a l l  e]ltilclyilltc~ a sill[;lc~)ixc.1 ale.. lllC.il  Sill C’(1 Ovcl  a l:~T~:c.lIlltIllwl Ofrca[loll(  lillw. s. ‘1’11(.

lliSt()~,l:tlll () filllll lCi{Slll C.ll)ClltS  Sll()lllCi Sll()\\'  :il)C:l}::tt tllCSc. C1lliSSiolllillCS,  ]’allt)of” l~j~,ll~c  ‘ j

sllowsti)cX-~iiy  IIistot,latll foI tllc SaII-IC. Al) Al’’l’l dcviw.tt))d~.~ sitliilill  ()])cl:~ti  tip, c()ll(litic)tls.  tllc

I(W{I Ol]t  Iloisc. iscmll])utc(l by tl)c Vtlliill)CC.  ill tllc. ill) SCll  CC. [)f ttll~ sigtlal.

l;i~,ulc.  6: ‘I’IIc. s] Mc.:i(l  irl~,ai]lfo]  ~.it~lloftl]l~~.Al)Al>’17  CTl)cllij)s.
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Signal (nkfovc,hs) 4 [IN
'l'llc. cc)llcs])oi~clii~  g,X-layll istc,~,r[tlll~c  ~lOarl  AIJAl>'l'(l(  ;Ilissl]c)wjlill l;ip,urc,  8.1’ari;t)

Stl()\\)S  ttlCICSJ)()llSC;  ltI()()ll-l[  Cll'lj)CIit[lllC  .,al)(]J  );ll[~))i  St}lCICSll][  \\JtlCll  CC) C)]e.{l  to-5{  :.rj’llC~m  Rll(]

Kp clnissic)tls ~jlOtl]illeiltly  stand Ollt, Its Icad rloisc, lIowevc,t, was Incasute.d  to bc(wcwt  8 alI(l 9.2
CIC(tl(mS1-llIS, 60-NJ% lIi~,he.1 tlIalI Cxjmclc.(1  flolll  [llc.dc.si~,tl.  \lTcattri  [) Litctllisc  f(ccttc)[  liffllsic)tl
Of Clw(rol]s dur. 10 Il]c c]mc JIlc)xillli[y  Of tllc, atllj)lificr  lillcs. “J”}Ic  atnJ)lificls arc 10 ~lln a]ml[
which is tllc I/c cliff  usic)ll  distatlcc fOl this Iliale.li:ll, [ 13]. “J’]]lls aficl y;~c. C()]l I])le.tc OtlI ICscalcll
it]tO )Cducing,  tl~c l]c3isc usiilg  tlm skiJ)jm tilllJ)liflcl,  wc cxlwt Out IIlitlillilllll  10 bc 2,5 afkl 10
leads  ii]sfcad of 1.5. ‘I-his Cffc.cl will lw c.litllill:llccl ill tllc illl])rovccl  dc.si~,[l 10 be discussed ill Il]c
Iicxt sccliol).

coda ([) -< ’C-:

It* Lgr.nl,hi

of ati AI IAI”I’  (’(~J ) aII(l  I cad c)ut  iii sii)p,le  Ic’tid I]mdc: a) uncmlcd;  b)

( h,p n 11 W2210 ‘(h” -~

2.(K ,11+,,)

/ \ I -’1,,,,1, ,11,,,,,,,,,,,~7\;;ll  1111111[  11 Iillllr  r!ltll!  lir, r,,  ral![,,  t,8t,  !r,,  (,rt r,,

2 ()’l(lk 2 6WL 2 ?8(A 2 81(M 2 am 2 930L 2 98Llk 3 Ouh 3 ?8k
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all~l)lifie.ls,  III tlm poccss of dctcr[lliili(ig  the. noise. of isolated amplificn  t)y only utl]oaditlg
tmi~,hbminf,  anlplificts  we ot)servcd  that the. misc. i[l~l~.fi~~d  acljaccnt to the. oj)c. tl allq)lifier.  “1’his
effect is showJI Mow ill 1 ~igum 9. Note tlwe. is a conuncnsuratc  dccrca.se  it] the miw of shorted
at~l{)lificls.  “1’hc bul~i])  i]l tk IIoisc  fi~urc for aI1lI)lific.1  16 is duc to the. prcsctlcc.  of a t)ootstraj) load
Imistor place the.tc for otlm cxpclinmltal  Icasons. W have also foutd  that the Al~AJyI’2  rkvicc
call be datmf,c.d by leavillf,  any of its arnjllific.rs  ojmli Ida[ivc  to the otlws le..avitl~  a pmnammt
imc.asc,  in the. amount of alilplifict tlc)isc,

4.0 l)csign  i]l]j)t=()}’cll~ct]ls

II] addition to dit]liliali]lg,  the cross talk iidtwcct  by the gcmlw.try  of the amplifi~r  lilms, WC

alSO illtCl)(\  tO USC all  jll)~)IOVC(~  ]C)WC1 lloiSC I&d Oil[  alllJ)]ifkl  and WC alS() illtCll[~  t o  iIlaXil]li7.d tk

qualitulll cf[icic[lcy of the. chip t)y tllinl~il]~,  aid back side. illulni[latioli, “1’0 itlcicasc. the sj)aci[lp,
twtwcml alllplific]s  w llavc Cwtlsictctcd, itmxxtsitly,  the. ~)ixc.t si7.e. of tk CK~Il,  ald lc.tniilinF,  tlic
gc.olllc.tly of tlm afllj)lificls,  and also wc have cohsidmxl  altmllatinp,  the placcmcllt of the
alll~)lificls  bctwmfi the to])  and bot[olll  of tile. chil). “Jim al)ility tc) clock both ways was Wlittcll  ilitO

tlm de.sig[l  ~oa]s al]d illcoll)o~atcd  into ollr dcsig,ns. A low rloisc timl)lificl  was dcsigid  aid built
fo] tl~c. (Toslllic  UII]csc)lvcd  X-ray IIackp,lou]ld  (C;lllll(:j  cfilnc.ld, a l(124x 1024 dc.vice wittl 4
lm[lout  allq)lifie.rs [ 10], [ 14]. Mc.asulcmmlts ()]i the CXllll(:  [X3J  have. dct]lolistlatwt sinp]c. marl
]Ioise,  ill a skip~)cr  alllplificr of 2 c.lcctlo]is 1-IIN. AI I X-Iay llistog,l  anl using, 1@S5 is SIIOW) in
l;igutc 10. ‘J’hc is am])lificu  has loww Iloise l)cIfoiIImTKz ovc,r OUTS duc to o~)tilliiz.ations  inade by
usill~, a li~,lltly  dq)fxl  dt:iil] (1 ,IIIJ), a su]Ic.I nok}] cl IaTItd, afd sim o]Jtitl]i7atic)11  of the 1:1{’1’ to
lowm its C:i]mcitaflm.

I;iSllIC  9: At~)j)lific.~  utlifollllity for tllc. mold Al IAI”l°  chip ii] sins,lc lead }nodc..

t
GI

‘1

Shorkd  olllos

opon bonds

; 1’0 1’s 2;
1 I

25 3’0 35
Amplifmr channel

. .



p:lge 9
SI’11:.  2201-63

I
““1’r”!l.,,,[.,~,rrr.,r,f .7iT...~r!,r!l

1 4 0  ~os$-~~w”
0.72 e’L)N

120’ ;?%: E+ F’IXEL.EVENIS
I

,., . “’l’,r,r’,,,l....r.,

1820 e-”
5.9 kev
wso @N
/

f
[
,11

K~
Ii’ia e-”
6.49 lwV
2470 DN
/

Lnlw ,A,, ,
) ?700

1 .astly, the quantum efficiency Cali  k o~)tillliz,d  through tlie.  process of thinning and
bwksidc  illlllllillatiotl.  Mc.asllrcll-icilts  of the cullc]lt quat)t(lm  c. fficicncy  fall bdow  oul ctcsig[i
goals as Sllowli in liigulc  11. “J’lle. top lilm snows the ~Jlc.ciictccl  incucasc.  throu~h  the combination
of thinning and ap)~lyiilg,  all antilcflcctio[]  coatit]s to tlm back side of the CC1>.  “j’llis  H1)]w curve
satisfies out dcsigll  goals.

l;igulc. 11: l’lcdicwl  et]hanccnlctlt  of tllc adal)tivc  Ol]tics (U) usilig tllintlin~,  and Imkside.
illtlmilmtion,  and aJq}licatio  Il of all alltit(’ilcctioll  coatinp,.
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S.O Summary

We tmvc  dcsigtd  and fabricated a ]ligh sjmd low misc. detector 32 by 32 arl ay for
wavcflont  setlsing  and fast tracking. It uses 32 palallcl  low sped skipper amplifiers to achicvc
kilo}m 17, fratllc rates. ‘]-he. best mfxrsurcmcnts  made.  on tlm cicvicc using  a single  rcaci on the
ski])pw  have  dcmonstrattxi  ttm pc[forlmnce. tit 8 cktrons  rms. And although highc.r than our
dcsi~l~  goal, its pcr-for[nanm is sufficimt  to itmoq)oratc this chip irito a Sllack-Ilaltt~~ar~l~
wavcflont  serisor fc)r the Coliling adaptive optics systcm for the 100 inch I looker  tclcscopc  atop
Mt. Wilson. l)ark  currc.nt is e.lirninatcd by coolint, tlw dcvicc. to -5 C, and the cluanturn  efficiency
is less that] our goals duc to the f~orlt si(ic illunlillatioll  architc.cturc. We expect to reach out
ultimate performance Foals through inlproving  the design by increasing the distarm bctwcem
an~~)lific.r  by alttmratirl~, t}mn on the top and bottotn of the c}rip,  by using the lower noise CUBIC
skipper arllp]ifiers, ami throuf,h  backsi(ic  illuminatiotl  by thinning the device and applying an
atltirdltxtion  coating to the Ixrcksicic.

Wc i)ltcn[i to continue our inve.stigatioris it)to rcciucirls JIoisc on tile ~msent cic.vice by
multiple rcaciout  of the. skipper amplifier. l{fforts  ale. aiso cmemt]y  uncicrway to cicsi~n ami
fdbricatc a set of ciriving dmtmnics for tlw skipper CC]).

‘1’lle. authols  wou](i like to ackrmwlexigc  the su~q)o~ t of the J1’L C)fficc of Space Scie.nm
anti lnstrunmlts  for allowinp,  us tillm to [icsign tile. cicwice.,  anti the, MISR p:-c)je.ct  for allowing us
space on their wafer inns, all rllcasllr  cmcnts were rlm(ic  at the. “i”RW CCI1 “Iksting I ,atmratory. ‘]’hc
rcscawll (icscribcci in this paper was car-rid out at the Jet l’mpulsion 1.aboratcmy,  California
lf]stitutc  of ‘1’c~llliOlogy  unciel cor~tlact with tllc.  National Aeronautics al~cl Space Administration.
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